The heterocystous cyanobacteria (blue-green algae) are a large group of phototrophic microorganisms capable of assimilating atmospheric nitrogen under aerobic conditions, using sunlight as an energy source. These distinct properties have led investigators to study members of this group as model systems for converting solar energy into biomass (16) and hydrogen gas (2, 10) and for improving the nitrogen budget of certain agricultural systems (16) .
Biological nitrogen fixation is an energetically expensive process. It has been calculated that, in vivo, 20 to 30 mol of ATP is required per mol of N2 fixed into ammonia (1, 3, 11) . Thus when the reaction product, ammonia, is present in the environment, synthesis of nitrogenase is normally repressed. In recent years several laboratories have been engaged in elucidating the mechanism(s) by which synthesis of nitrogenase is controlled in various heterotrophic bacteria (13, 17, 20, 25, 26) . From such studies it is hoped that strains of nitrogen-fixing organisms can be developed which will derepress the synthesis of nitrogenase even in the presence of combined nitrogen. Successful development of such strains with agriculturally important organisms will be of deep practical significance.
In this communication we report on the novel properties of a recently isolated rapidly growing halotolerant heterocystous cyanobacterium (22) . This natural isolate partially derepresses the synthesis of nitrogenase while growing in the presence of high levels of ammonia.
MATERIALS AND 10 cm from the growth tube positions on either side of the growth bath. The cultures were bubbled at 8 to 9 ml/min with 1% CO2 in air. The system has been described in detail previously (14) and enables one to obtain maximum growth rates up to a density of 0.6 mg (dry weight) of cells per ml of culture.
The nitrogen sources for growth were added to the medium to the required final concentration from stock solutions which had been neutralized and filter sterilized through 22. 
NH4CI.
The ability of nitrate, and the inability of ammonia, to repress heterocyst differentiation in a cyanobacterium have not been observed previously. Furthermore, the growth rates of Anabaena sp. CA were similar within the concentration range of 2.5 to 10.0 mM NH4Cl and independent of the presence of molecular nitrogen in the atmosphere ( Table 2 ). The numbers of mature and proheterocysts were also independent of the ammonia concentration. However, the expression of nitrogenase activity was more finely controlled; the specific activity was somewhat higher in cultures grown with concentrations of 5 mM NH4C1 and less, and also higher in cultures grown in the atmosphere devoid of molecular nitrogen. The latter observation is rather similar to results obtained with Clostridium pasteurianum (4). Further experiments have shown that the initial growth rate of Anabaena sp. CA at low concentrations of ammonia (as low as 0.1 mM) does not change, and that exponential cells from the low-ammonia-grown cultures of Table 2 have the same amount of protein (0.4 mg) per mg (dry weight) of cells as that found in cells grown at high levels of am- as a result of energy deprivation has no effect on the control mechanism for heterocyst and nitrogenase synthesis. These data indicate that the expression of heterocysts and nitrogenase activity in NH4Cl-grown Anabaena sp. CA is not due to an inherent inability of this organism to accumulate exogenous NH4' at a rate sufficient to meet its bulk nitrogen requirements for growth. The results of these experiments also support our previous observations that the control of heterocyst development in this organism is distinct from the primary ammonia assimilatory system (21 Fig. la show that the total units of nitrogenase activity increased during exponential growth of Anabaena sp. CA on N2 such that the specific activity of nitrogenase remained relatively constant at a level of 27 to 37 nmol of C2H4 produced per mg (dry weight) per min. Also, the percentage of mature heterocysts (8%) and proheterocysts (2 to 3%) remained constant (Fig. lb) . However, when 10 mM KNO3 was added to such a culture, both the specific activity of nitrogenase (Fig. 2a) and the numbers of mature and proheterocysts decreased (Fig. 2b) as growth proceeded (Fig.  2a) . Nitrate had no effect on the culture for 2 h. This is shown by the continued increase in the total units of nitrogenase and the constancy of the specific activity of the enzyme. However, after 2 h there was no further development of proheterocysts, and after 6 h there was no fur- on N2 some differences were seen. Ammonia immediately inhftited any further increase in the total units of nitrogenase in the culture. This resulted in a decrease in the specific activity of the enzyme as growth proceeded (Fig. 3a) . However, in contrast to the nitrate-treated culture, the specific activity began to stabilize after approximately 10 to 12 h at 30% of the initial level.
This was accompanied by an increase in the total units of enzyme in the culture. In addition, the percentage of mature and proheterocysts was only reduced by 25 (Fig. 4a) , nitrogenase activity is undoubtedly maintained by the continuous synthesis of new protein.
If ammonia assimilation was inhibited in these cultures either by blocking the major ammonia assimilatory enzyme, glutamine synthetase, with L-methionine DL-sulfoximine ( Fig. 4c and d) or by removing ammonia from the medium (Fig. 4e  and f) , then the specific activity of nitrogenase increased. However, in neither case was the increase in activity immediate. This increase could be abolished by chloramphenicol (Fig. 4c and e) , showing that de novo protein synthesis is required. Finally, the kinetics of increase in nitrogenase activity were identical in both cases between 0 and 7 h. However, the specific activity of the L-methionine DL-sulfoximine-treated culture increased threefold between 0 and 6 h without being accompanied by any significant increase in the total number of mature heterocysts in the culture (Fig. 4d) . In contrast, the culture resuspended in medium minus ammonia continued to grow (data not shown) and synthesized mature and proheterocysts (Fig. 4f) at a rate similar to the control (Fig. 4a) . However, the total units of nitrogenase activity in this culture were also threefold greater than in the control culture after 6 h. (6) . Moreover, our observations of rapid growth of the organism in NH4Cl-containing medium in an atmosphere de- void of molecular nitrogen shows unequivocally that it has the ability to assimilate ammonia nitrogen as efficiently as nitrate nitrogen. These results thus support our previous observations that the trigger for heterocyst development is distinct from the primary ammonia assimilatory mechanism (21) . Further studies in this area are currently under way.
DISCUSSION
The ability to express nitrogenase activity in the presence of excess ammonia has been observed previously in several different N2-fixing microorganisms under circumstances in which the primary ammonia assimilatory mechanism had been either chemically (9, 23, 28) or genetically (19, 25, 26) modified. Rarely had this phenomenon been observed and attributed to other causes (8, 21) . The data presented here show that ammonia per se does not cause immediate inactivation of preexisting nitrogenase in Anabaena sp. CA, as observed in several species of photosynthetic bacteria (7, 15, 29) , and they prove unequivocally that ammonia metabolism does not completely repress synthesis of the nif gene products in this organism. Moreover, although there is partial repression of some protein(s) required for maximum expression of nitrogenase activity, synthesis of these can occur in Anabaena sp. CA grown for many generations on ammonia. Full derepression of their synthesis can occur without necessarily being accompanied by development of new heterocysts. Further work is required to study the components of the NH4Cl-induced heterocysts in more detail.
Finally, it has often been proposed that it would be potentially useful for agricultural purposes to "engineer" strains of nitrogen-fixing microorganisms that were derepressed for nitrogenase in the presence of ammonia (5, 8, 24) . Certainly, our ability to isolate such a phototrophic organism from the natural environment suggests that this property may be more common than previously thought.
